The recently observed possible antimagnetic rotation band in 101 Pd is investigated by the cranked shell model with pairing correlations treated by a particle-number conserving method, in which the blocking effects are taken into account exactly. The experimental moments of inertia and reduced B(E2) transition probabilities and their variations with the rotational frequency ω are well reproduced. By analyzing the ω-dependence of the occupation probability of each cranked Nilsson orbital near the Fermi surface and the contributions of valence orbitals in each major shell to the total angular momentum alignment, the upbending mechanism of νh 11/2 in 101 Pd is understood clearly. The proton angular momentum alignment and its influence on the two-shears-like mechanism are also discussed.
In contrary to the conventional Bardeen-CooperSchrieffer (BCS) or Bogoliubov approaches, the Hamiltonian is solved directly in a truncated Fock-space in the PNC method [36] . Therefore, the particle-number is conserved and the Pauli blocking effects are taken into account exactly. The PNC scheme has also been used both in relativistic and nonrelativistic mean field models [37, 38] and the total-Routhian-surface method with the Woods-Saxon potential [39, 40] . Very recently, the particle-number conserving method based on the cranking Skyrme-Hartree-Fock model has been developed [41] . The PNC-CSM has also been employed successfully for describing various phenomenon concerning on the rotating nuclei, e.g., the odd-even differences in moments of inertia (MOI's) [42] , the identical bands [43, 44] , the nuclear pairing phase transition [45] , the rotational bands and high-K isomers in the rare-earth [46] [47] [48] [49] , the actinide nuclei [50] [51] [52] [53] , etc.
This paper is organized as follows. A brief introduction to the PNC treatment of pairing correlations within the CSM is presented in Sec. II. The results and discussion are given in Sec. III. A brief summary is given in Sec. IV.
II. THEORETICAL FRAMEWORK
The cranked shell model Hamiltonian of an axially symmetric nucleus in the rotating frame can be written as
where H Nil is the Nilsson Hamiltonian, −ωJ x is the Coriolis interaction with the cranking frequency ω about the x axis (perpendicular to the nuclear symmetry z axis). H P is the pairing interaction,
whereξ (η) labels the time-reversed state of a Nilsson state ξ (η), and G is the effective strength of the monopole pairing interaction. Instead of the usual single-particle level truncation in conventional shell-model calculations, a cranked manyparticle configuration (CMPC) truncation (Fock space truncation) is adopted which is crucial to make the PNC calculations for low-lying excited states both workable and sufficiently accurate [29, 36] . Usually a dimension of 1000 should be enough for the calculations of the heavy nuclei. An eigenstate of H CSM can be written as
where |i is a CMPC (an eigenstate of the one-body operator H 0 ). The expectation value of a one-body operator
As O is a one-body operator, the matrix element i|O|j for i = j is nonzero only when |i and |j differ by one particle occupation [32] . After a certain permutation of creation operators, |i and |j can be recast into
where µ and ν denote two different single-particle states, the ellipsis · · · stands for the same particle occupation, and (−1) Miµ = ±1, (−1) Mjν = ±1 according to whether the permutation is even or odd. Therefore, the expectation value of O can be separated into the diagonal µ O(µ) and the off-diagonal 2 µ<ν O(µν) parts
where
is the occupation probability of the cranked Nilsson orbital |µ and P iµ = 1 (0) if |µ is occupied (empty) in |i .
The kinematic moment of inertia J (1) of |Ψ can be written as
The B(E2) transition probabilities can be derived in the semiclassical approximation as
where Q p 20 corresponds to the quadrupole moments of protons and
III.
RESULTS AND DISCUSSION
The Nilsson parameters (κ and µ) for 101 Pd are taken from the traditional values [54] . The deformation parameters ε 2 = 0.125 and ε 4 = −0.02 are taken from Ref. [55] . The valence single-particle space in this work is constructed in the major shells from N = 0 to N = 5 both for protons and neutrons, so there is no effective charge involved in the calculation of the B(E2) values. In principle, the effective pairing strengths can be determined by the odd-even differences in nuclear binding energies, and are connected with the dimension of the truncated CMPC space. The CMPC truncation energies are about 1.0 ω 0 for protons and 0.9 ω 0 for neutrons, respectively. For 101 Pd, ω 0p = 8.542 MeV for protons and ω 0n = 9.065 MeV for neutrons [54] . The dimensions of the CMPC space are about 1000 both for protons and neutrons. The corresponding effective pairing strengths used in this work are G p = 0.6 MeV and G n = 0.6 MeV. A larger CMPC space with renormalized pairing strengths gives essentially the same results. In addition, the stability of the PNC-CSM results against the change of the dimension of the CMPC space has been investigated in Refs. [32, 52] . In present calculations, almost all the important CMPC's (with the corresponding weights larger than 0.1%) are taken into account, so the solutions to the low-lying excited states are accurate enough. ). The data show that the possible AMR band in 101 Pd is the lowest lying negative parity band, which is assigned as νh 11/2 [33, 34] . It can be seen from Fig. 1(b) that, in the present calculation, the lowest lying negative parity state in 101 Pd at cranking frequency ω = 0 MeV is ν1/2 − [550] (h 11/2 ). Therefore, in the following investigation, adiabatic calculations for the ν1/2 − [550] band in 101 Pd will be performed and the level crossings in protons and neutrons appear automatically with increasing rotational frequency. Figure 2 shows the experimental (solid circles) and calculated kinematic MOI's J and without (red dashed line) pairing correlations for
Pd. The data are taken from Ref. [34] . The pairing correlations are very important in reproducing the experimental MOI's, especially for the rotational frequency region before the sharp backbending at ω ∼ 0.65 MeV. It can be seen that the MOI's of 101 Pd are overestimated when the pairing is switched off, while they are well reproduced after considering the pairing correlations except the last two data, which are consistent with the calculated results without pairing. This may indicate that in the very high-spin region, the effect of pairing correlations on the reduction of MOI's is negligible. In Refs. [33, 34] , the upbending around ω ∼ 0.45 MeV is interpreted as alignments of two g 7/2 quasi-neutrons. In the following, the upbending mechanism in this band will be investigated. It should be noted that the rotational properties of this band are quite different from those observed in 105 Cd and 106 Cd [35] , in which the AMR happens in the high-spin region after the first upbending and the MOI's nearly keep constant with increasing rotational frequency. Figure 3 shows the experimental (solid circles) and calculated B(E2) values with (black solid line) and without (red dashed line) pairing correlations for ν1/2
101 Pd. The data are taken from Ref. [34] . It can be seen that the B(E2) values at higher rotational frequency ω > 0.45 MeV can be reproduced well no matter the pairing is considered or not. However, the description of the quickly drop of B(E2) values around ω ∼ 0.45 MeV can be improved by taking the pairing correlations into account, even the calculated results still deviate a little from the data. It is difficult to describe the B(E2) behavior with a frozen deformation parameter in the present calculations. This may be due to the deformation change with the rotational frequency for 101 Pd. It should be noted that the quickly drop of B(E2) values around ω = 0.4 to 0.5 MeV is just corresponding to the upbending region in the MOI's. Therefore, it is interesting to know how the angular momentum alignments affect the two-shears-like mechanism. Since it is well known that with the two proton angular momentum vectors closing, the B(E2) values will be decreased. The inset shows the experimental J (2) /B(E2) values. It has been shown in Ref. [34] that, the large J (2) /B(E2) values indicate the AMR nature of this band.
One of the advantages of the PNC method is that the total particle number N = µ n µ is exactly conserved, whereas the occupation probability n µ for each orbital varies with rotational frequency. By examining the ω-dependence of the orbitals close to the Fermi surface, one can learn more about how the Nilsson levels evolve with rotation and get some insights on the upbending mechanism. Figure 4 shows the occupation probability n µ of each orbital µ (including both α = ±1/2) near the Fermi surface for protons (upper panel) and neutrons (lower panel), respectively. The positive (negative) parity levels are denoted by blue solid (red dotted) lines. The Nilsson levels far above the Fermi surface (n µ ∼ 0) and far below (n µ ∼ 2) are not shown. It can be seen from Fig. 4(a) ), slightly increase. This can be understood from the cranked Nilsson orbitals in Fig. 1(a) these two orbitals leave farther above the Fermi surface, so the occupation probabilities of these two orbitals become smaller with increasing ω. Meanwhile, the occupation probabilities of those orbitals which approach near to the Fermi surface become larger with increasing ω. The situation is similar in Fig. 4(b) . The occupation probability of ν3/2 + [422] (2d 5/2 ) decreases slowly from 0.5 to nearly 0.2 with the increasing frequency ω from about 0.3 MeV to 0.5 MeV, while the occupation probabilities of ν1/2 + [420] (1g 7/2 ) and ν1/2 + [431] (2d 5/2 ) increase gradually with ω. Therefore, the contributions to the upbending at ω ∼ 0.45 for ν1/2 − [550] in 101 Pd may come from the rearrangement of proton occupations in g 9/2 orbitals and the alignment of neutrons in 1g 7/2 and 2d 5/2 orbitals. Note that in PNC-CSM calculations, the proton configuration of the AMR bands in 105 Cd and 106 Cd is nearly one pair of pure proton g 9/2 holes (occupation probabilities are close to zero) [35] . While in 101 Pd, due to stronger pairing correlations, the two pair of proton g 9/2 holes are partly occupied and the occupation probabilities are rearranged with increasing rotational frequency, which may indicate a new picture of AMR. To analyze the upbending mechanism for ν1/2
101 Pd, the experimental (solid circles) and calculated (black solid line) angular momentum alignment J x are shown in Fig. 5 . The contributions of neutrons and protons to J x calculated from PNC-CSM are denoted by blue dashed line and red dotted dash line, respectively. It can be seen that at the upbending region ( ω ∼ 0.45 MeV), the contributions from protons to the total angular momentum alignment J x are increased more than that of the neutrons, which indicates that this upbending mainly comes from the contribution of the protons. The present results are different from those obtained in Refs [33, 34] , where the increase of the angular momentum alignment is assumed to be from the alignment of one νg 7/2 neutron pair. In the present PNC-CSM calculation, the contributions from neutrons are much less considerable than those from protons.
Contributions of proton and neutron N = 4 and 5 major shells to the angular momentum alignment J x for ν1/2 − [550] in 101 Pd are shown in Fig. 6 . The contributions of diagonal µ j x (µ) and off-diagonal part µ<ν j x (µν) in Eq. (6) from the proton and neutron N = 4 major shell are also shown as dashed lines. It can be clearly seen that the upbending for ν1/2 − [550] in 101 Pd at ω ∼ 0.45 MeV mainly comes from the contributions of the proton N = 4 major shell, while the neutron N = 4 major shell does not contribute so much.
We note that for the proton N = 4 major shell, both the diagonal and off-diagonal parts contribute to the upbending, while for the neutron case, only the off-diagonal part contributes. This can be clearly seen from Fig. 7 , where the contributions of each proton (top) and neutron (bottom) orbital from N = 4 major shell to the angular momentum alignments J x for (6) is denoted by black solid (red dotted) lines. In Fig. 7(a) ) change a lot after upbending ( ω ∼ 0.45 MeV). The alignment gain after the upbending mainly comes from these terms. In Fig. 7(b) for neutrons, one sees that the only contribution is from the off-diagonal part j x (ν1/2
. Again this demonstrates that the upbending for ν1/2 − [550] in 101 Pd is mainly caused by the πg 9/2 orbitals, and the contribution from the neutron νg 7/2 and νd 5/2 orbitals are rather small.
In order to examine the two-shears-like mechanism for ν1/2 − [550] in 101 Pd, the angular momentum vectors of neutrons J ν and the four πg 9/2 proton holes j π at rotational frequencies from 0.3 to 0.6 MeV are shown in Fig. 8 . Each proton angular momentum vector contains the contribution of two g 9/2 proton holes. It should be noted that the angular momenta of the four proton holes could, in principle, be extracted exactly from the TAC calculation. Here, J z is calculated approximately in the following way according to Ref. [56] 
This method has been proved to be a good approximation by comparing the principal axis cranking with the particle rotor model in Ref. [56] and has already been used for investigating the two-shears-like mechanism in 105 Cd and 106 Cd by PNC-CSM [35] . It can be seen from Fig. 8 that the two proton angular momentum vectors j π are pointing opposite to each other and are nearly perpendicular to the vector J ν at ω = 0.3 MeV. The abrupt increasing of neutron angular momentum alignment from ω = 0.4 to 0.5 MeV in Fig. 8 is due to alignment of the neutrons in νg 7/2 and νd 5/2 orbitals. With increasing rotational frequency, the higher angular momentum is generated by gradually closing of the two blades of the proton angular momentum j π toward the neutron angular momentum vector J ν , while the direction of the total angular momentum stays unchanged. This leads to the closing of the two shears. The two-shears-like mechanism is, thus, clearly seen. It should be noted that from ω = 0.4 to 0.5 MeV, the two shears close rapidly with increasing rotational frequency, which is caused by the rearrangement of the proton occupations in πg 9/2 orbitals, and the magnitude of two proton angular momentum vectors keep no longer constant. This reflects the important role played by the proton angular momentum alignment in the present two-shears-like mechanism in 101 Pd.
IV. SUMMARY
In summary, the possible antimagnetic rotation band ν1/2 − [550] in 101 Pd is investigated by the cranked shell model with pairing correlations treated by a particlenumber conserving method, in which the blocking effects are taken into account exactly. The experimental moments of inertia and reduced B(E2) transition probabilities are well reproduced by the PNC-CSM calculations. By analyzing the ω-dependence of the occupation probability of each cranked Nilsson orbital near the Fermi surface and the contributions of valence orbitals in each major shell to the total angular momentum alignment, the upbending mechanism of ν1/2 − [550] in 101 Pd is understood clearly. The upbending around ω ∼ 0.45 MeV is mainly caused by the rearrangement of proton occupations in g 9/2 orbitals, while the contribution from the neutron g 7/2 and d 5/2 orbitals is rather small. Moreover, it is found that the proton angular momentum alignment, which mainly comes from the rearrangement of proton occupations in g 9/2 orbitals, plays also an important role in the two-shears-like mechanism. 
